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Premise:
 It is possible to use a Delay Tolerant Network to transport data 
and/or commanding from one end-point to another end-point 
where DTN is not used.  
– This implies that at least one or the other end-point is sending and receiving 
as a non-DTN node.
– It also implies that at least one intermediate node prior to the non-DTN node 
has a Convergence Layer Adapter (CLA) or application which supports 
appropriate protocols.
 This is the basic concept of Rationale, Scenarios, and 
Requirements for DTN in Space section 4.2.2.6.3:
– An application on the last hop relay node may extract TeleCommands (TCs) 
from an immediate or delayed TC file and radiate them as TCs to their 
destination (typically orbiter to lander).
– Rationale: Such an application could be used to support low-level 
commanding in case the destination spacecraft’s network layer is not 
functioning properly.
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Discussion
 The internet is primarily based on packet-switching where the 
data is sent out in a data block and each packet of data may 
take different routes to the destination.  If one link is 
disconnected, packets take another link; this strategy has 
been working efficiently for today's internet structure. Some 
important assumptions for today's internet success are as 
follows:1
 A continuous, bi-directional End-to-End (e2e) Path exists between 
source and destination to support the e2e interaction 
 Short round trip times 
 Symmetric data rates i.e. consistent flow of data in both directions 
 Low error rates or low corruption / loss rate on each data link
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Discussion
 In an “ideal DTN” model, an entire network is DTN and the 
endpoints are (or host) DTN nodes to handle the translation of 
bundle data to communications for their internal subsystems.  
 Experience has shown that this approach is an idealized model.  
1. They do not want the overhead or the need to integrate a new network 
regimen.  
• Payload developers want to be in their lab
• spacecraft designers want well defined options for critical services
• communications providers want deterministic communications
2. Payload developers, spacecraft builders and communication providers prefer 
a more traditional model.  
3. They want the capabilities and benefits of DTN
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Operations Concepts
 As shown in the DTN warthman
• DTN gateways are available around major communication areas
• A DTN endpoint could service a non-DTN node via LH
• Systems without a DTN node could achieve DTN-like capabilities with 
most of its link managed via the DTN infrastructure.
• For a CCSDS system the options to access LH would be limited by domain
• Space Link protocols
• Coding and Sync
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Operations Concepts
 Three Last Hop (LH) Ops Concepts are being presented
 Each Operations Concept (OC) represents an acceptable use 
case in that it has real world applicability.  
 Only one will follow the specific example of the CCSDS green 
book.  
– The drawing below illustrates a last hop to a LH endpoint across a 
space link.
– Key to this capability is the LH App and the physical layer in node 
D
• LH APP must configure the physical layer to interface with the 
physical layer of EndPoint E
• LH APP must have a CLA to unbundle and transfer to the C&S 
sublayer the space link protocol; and the reverse
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Operations Concepts #1
 Ops Concept #1 has a spacecraft with a traditional command 
and telemetry system.  
1. Legacy spacecraft on a DTN network. 
1. Spacecraft here is used in an illustrative fashion
2. May be any number of platforms; e.g. rover, sensor platform, weather 
station, spacecraft, etc
2. A robust LH capability allows access across a DTN backbone architecture of 
embodied nodes B, C, and D to become wholly DTN and networked. 
3. By placing a DTN node in orbit with LH capabilities, both DTN and legacy 
platforms can be supported.  The LH node would support an application that 
has control of the last link to configure. 
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Operations Concepts #1
 Ops Concept #1 has a spacecraft with a traditional command 
and telemetry system.  
4. Node D configuration would include
 Coding and Sync
 CCSDS Protocol
 Dynamic transmitter power adjustment
 Reconfigurable antenna
 Components of the gateway/endpoint can primarily be defined 
as a software defined radio (SDR) model driven by the LH 
application.
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Operations Concepts #2
 Ops Concept #2 has a single spacecraft with an advanced 
networking suite in a protective / management mode.  
 Spacecraft here is used in an illustrative fashion when in fact it may be 
any of a number of platforms; e.g. rover, sensor platform, weather 
station, spacecraft, etc.  
 This example is in a severely restricted operations mode that may not 
allow higher operating functions or resources to be available that are 
necessary for DTN.  
 This fits the example of 4.2.2.6.3 above and is a degenerative case of OC 
#1.
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Operations Concepts #3
 Ops Concept #3 represents a component on a spacecraft in a 
mixed mode
 LH is available on the internal network of a system.  
 ISS payloads are such examples. The ISS is a traditional system spacecraft 
in that it uses CCSDS AOS for uplink, downlink, and CCSDS IP 
encapsulation to transport DTN traffic. The Space to Ground hop is 
CCSDS IP encapsulation of BP over LTP over UDP. 
 The ISS team is attempting to use DTN capabilities wherever possible to 
maximize link utilization, therefore DTN and non-DTN payloads are being 
encouraged make use of the DTN infrastructure where possible.  
 Some ISS DTN nodes utilize STCP or TCP CLAs to communicate with the 
onboard DTN infrastructure and then provide LH communication to non-
DTN payloads via Ethernet, Wi-Fi, USB, GPIO or Bluetooth.
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Operations Concepts #3
 First wave of deployment of DTN onboard the ISS
1. DTN payloads onboard connect to 
2. Onboard gateway connected via LTP to a
3. Ground gateway, which connects to 
4. Local and remote DTN clients
 Second wave of deployment of DTN onboard the ISS
1. Payloads connect via a specific set of protocols to a DTN client 
2. DTN client connects to 
3. Onboard gateway connected via LTP to a 
4. Ground gateway, which connects to 
5. Local and remote DTN clients
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Operations Concepts #3
 The ISS has implemented two specific methods
 Dropbox
 TReK has implemented a DTN dropbox that 
 Supports file based data transfer
 Payload oriented
 Delivered as a component of TReK
 HOSC and JPL has been investigating and prototyping a DTN dropbox
 Supports file based data transfer
 Allows polling at different rates and priorities
 Arcturus
 Implemented via the Space Station Computer (SSC)
 Generic capability to downlink telemetry via DTN
 Support to infrastructure and payload platforms
 The implementations are intended to support data which is not time 
critical but must have guaranteed delivery.
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Conclusion
 The use of a last hop philosophy expands the use of DTN to a broader 
set of platforms
